This study evaluated the aetiological factors for cerebrovascular attack (CVA) using echocardiography and sonography of the carotid arteries. Results from 253 patients with CVA were evaluated retrospectively and analysed according to the presence or absence of diabetes and atrial fibrillation. In patients with sinus rhythm (n = 182), the presence of diabetes was associated with an increased incidence of atherosclerotic changes and significant stenosis of the carotid artery as well as greater intima-media thickness. In contrast, when evaluating signs of thromboembolic risk, there were no statistically significant differences in left atrial diameter or left ventricular ejection fraction between the two groups. In patients with atrial fibrillation (n = 71), no significant differences were observed between diabetic and non-diabetic patients in any of the parameters measured. These findings suggest that the increased risk of ischaemic CVA in diabetic patients is due to atherosclerosis in the carotid vessels rather than embolism of cardiac origin.
Introduction
In the Czech Republic, cerebrovascular attack (CVA) is the most frequent cause of mortality and morbidity. Its incidence is 400 -500 per 100 000; 24% of patients die within 1 month and 40% within 1 year. Haemorrhagic stroke is seen in 15% of patients, the remaining 85% having ischaemic stroke. Most ischaemic strokes (60%) are a result of thrombosis or embolization of the carotid circulation, whereas 30% result from a cardiac embolism progressing to the brain.
Prolonged hypotension accounts for the remaining 10%. 1 It has been demonstrated that diabetes mellitus is an independent risk factor in the aetiology of CVA. This has been shown to be due to an increased risk of ischaemic stroke in these patients; 2 the incidence of haemorrhagic stroke in this population is not increased. Epidemiological studies have shown that co-morbidity with diabetes raises the incidence of CVA two-to three-fold. Abbott et al. 3 followed a group of diabetic patients for 12 years, and found that the J Chlumský, J Charvát Cerebrovascular attack in diabetic patients incidence of CVA was 6.2% compared with 3.3% in those without diabetes. The Framingham Study established that the incidence of stroke in diabetic patients was increased by 2.5 times in men and 3.6 times in women. 4 Similar results have been demonstrated in other, smaller epidemiological studies. 5 Whether or not diabetes is a risk factor for transient ischaemic attack (TIA) is more controversial. A three-fold increase in the incidence of TIA was shown in one study, 5 whereas a number of other studies 3, 4, 6 have failed to confirm this increased incidence. Irreversible changes seem to be more dominant than transient ischaemia of the brain tissue in diabetes, although TIA in diabetic patients has been shown to be a harbinger of increased risk of stroke. 5, 6 Diabetic patients have a higher mortality after CVA, along with a greater risk of neurological damage and stroke recurrence. Attempts have been made to demonstrate the formation of a larger ischaemic area in diabetic patients than in non-diabetic patients, 6 but pathologico-anatomical and computed tomography studies have not confirmed these suspicions. 7 It is not known whether the increased risk of stroke in diabetic patients is due to accelerated atherothrombosis formation in the carotid circulation, or whether the propensity to coagulation in these patients accounts for the heightened risk of cardiac emboli. This study analysed the results of echocardiography and sonography of the carotid arteries to evaluate the presence of aetiological factors for CVA in patients with diabetes.
Patients and methods
Carotid ultrasound and transthoracic echocardiography results for patients hospitalized for stroke in the Department of Internal Medicine, Motol University Hospital, Charles University, Prague, Czech Republic, between 1 January 2001 and 31 December 2003 were examined retrospectively. In all patients a haemorrhagic aetiology for the stroke had been ruled out by neurological examination and computed tomographic scanning of the head.
All patients had undergone transthoracic echocardiography and carotid ultrasonography using the Acuson™ 128XP/10c (Siemens, Munich, Germany) or Ultramark™ 9 (ATL, Bothell, Washington, USA) highdefinition imagers with 7 or 2 MHz probes.
The intima-media thickness (IMT) at a distal part of the artery was measured, as recommended by the Mannheim IMT consensus. 8 The left atrial diameter and the ejection fraction of the left ventricle were also measured, and the incidence of carotid artery stenosis and left ventricular thrombus was recorded for each patient. The degree of stenosis was based on measurement of peak systolic flow velocity. In patients with stenosis > 70%, peak systolic flow velocity exceeds 250 cm/s. 9, 10 
STATISTICAL ANALYSIS
The mean IMT was calculated from three successive measurements. One-way analysis of variance (ANOVA) with the post hoc test was used for the comparison of sonographic and echocardiographic characteristics between the various groups of patients. P-values < 0.05 were considered to be statistically significant.
Results
Results from a total of 253 patients (164 men, 89 women; mean age ± SD, 72.5 ± 6.4 years) hospitalized for stroke were examined. Of these, 73 patients (29%) had type 2 diabetes; the remaining 180 patients (71%), without diabetes, constituted the control group. There were no significant differences in age, gender J Chlumský, J Charvát Cerebrovascular attack in diabetic patients or co-morbidity with hypertension between the two groups (Table 1) . Chronic atrial fibrillation was present in 71 patients (28%).
The sonographic and echocardiographic results are summarized in Table 2 . In patients with sinus rhythm, there was a significant difference (P < 0.05) in the IMT when comparing diabetic and non-diabetic patients. There was also a significant difference (P < 0.05) between these groups in the frequency of carotid artery stenosis. No differences were seen in left atrial diameter or left ventricular systolic function between the two groups. Left ventricular thrombus, n (%) 0 (0) 2 (2) 1 (5) 0 (0)
Values are mean ± SD or number (%). IMT, intima-media thickness. a P < 0.05 diabetic patients versus with non-diabetic patients in the same cardiac rhythm category.
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In patients with atrial fibrillation, no differences in the presence of significant stenosis of the carotid circulation or IMT were observed. The diameter of the left atrium in diabetic patients with atrial fibrillation was slightly smaller than in nondiabetic patients, but this difference was not statistically significant.
On echocardiography, no pathologies of the left atrium were seen in any of the patients. Three patients had a thrombus in the left ventricle. Two of these were nondiabetic patients with sinus rhythm, and one was a diabetic patient with atrial fibrillation. All three patients had a moderate degree of systolic dysfunction of the left ventricle, with ejection fractions of 35 -40%. The thrombi were hyperechogenic, indicating that they were likely to be old formations.
Discussion
In this study we analysed aetiological factors in diabetic patients with CVA using non-invasive sonographic methods. The results support the hypothesis that atherothrombosis is responsible for the increased incidence of stroke in diabetic patients with sinus rhythm. No changes were observed in the diameter of the left atrium or in left ventricular systolic function that would potentiate the risk of embolism from cardiac sources in those with sinus rhythm. The presence of diabetes mellitus was not associated with an increased incidence of atherothrombosis or an increased risk of embolization in patients with atrial fibrillation. Interestingly, an insignificantly smaller left atrial diameter (in the presence of equal left ventricular function) was observed in diabetic patients with atrial fibrillation.
Ultrasonography of the carotid arteries, transthoracic echocardiography and computed tomography of the brain are considered standard imaging examinations in patients with CVA. Sonographic imaging is non-invasive, easily repeated, inexpensive and widely available.
One of the main uses of carotid artery sonography is for the demonstration of stenoses, which initially cause an increased flow rate through the stenosed area. When the stenosis is severe, with > 70% decrease in the carotid area, a reduction in flow is seen. In the present study, significant stenosis was observed in 2.5% of the patients overall. Diabetic patients had a three-fold increase in stenosis compared with non-diabetic patients. In recent years, the focus has been increasingly on using sonography to measure the IMT at the carotid bulb in patients at risk of stroke, including those with diabetes. 2 The correlation between diabetes and increased morbidity has been proved not only for CVA, but also for acute myocardial infarction and mortality. 11 The Insulin Resistance Atherosclerosis Study 12 demonstrated a close correlation between the IMT and the presence of diabetes or impaired glucose tolerance, even though this relationship in diabetic patients did not correlate with the duration of the diabetes. This finding was also confirmed in the present study, the IMT was greater in the diabetic group than in the non-diabetic group. This was seen irrespective of the presence or absence of atrial fibrillation, although the difference in IMT was not statistically significant in those with atrial fibrillation.
Transthoracic echocardiography is useful in the diagnosis of larger formations in the left atrium or around the mitral and aortic valves, and of mitral disorders associated with an increased risk of thromboembolism. It can also be used to measure the size of the left atrium and accurately diagnose thrombosis of the left ventricle. Of these pathological findings, only the presence of 13 Transoesophageal echocardiography is performed on patients with sinus rhythm when there is clinical suspicion of embolization from the heart or aorta. Since it is only performed electively, it was not evaluated in the present study.
Atrial fibrillation by itself increases the risk of CVA four-to seven-fold, and the strokes that do occur in such patients are associated with increased mortality and neurological deficit. 14 In addition, elevated levels of fibrinogen, D-dimer, fibrin, von Willebrand factor and other procoagulants have been detected in patients with atrial fibrillation. 15 The increased risk of peripheral embolization in patients with atrial fibrillation has been demonstrated in echocardiographic studies, especially in relation to left ventricular function. Only a few trials, however, have reported on the value of estimating the size of the left atrium. 13, 16 The cardinal risk factors for embolization are diabetes, hypertension and older age. Diabetes alters the haemocoagulative parameters unfavourably, and diabetic patients with atrial fibrillation are at risk of cardiac embolization even with slight dilatation of the left atrium when compared with non-diabetic patients. 5
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